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Open-Chain Alkoxvamines and their CorrespondinQ Nitroxides for Controlled Low 

Temperature Radical Polvmerizatjon 

The present invention relates to open chain alkoxyamine compounds, a poiymerizable 
composition comprising a) at least one ethylenically unsaturated monomer and b) at least 
one open chain alkoxyamine compound. Further aspects of the present invention are a 
process for polymerizing ethylenically unsaturated monomers, and the use of open chain 
alkoxyamine compounds for controlled polymerization. The intermediate N-oxyl derivatives, a 
composition of the N-oxyl derivatives with ethylenically unsaturated monomers and a free 
radical initiator X#. as well as a process and their use for polymerization are also subjects of 
the present invention. 

The compounds of the present invention provide polymeric resin products having low 
polydispersity. The polymerization process proceeds with enhanced monomer to polymer 
conversion efficiency at low temperatures. In particular, this invention relates to stable free 
radical-mediated polymerization processes which provide homopolymers, random 
copolymers, block copolymers, multiblock copolymers, graft copolymers and the like, at 
enhanced rates of polymerization and enhanced monomer to polymer conversions at low 
temperatures. 

The polymerization processes and resin products of the present invention are useful in many 
applications, including a variety of specialty applications, such as for the preparation of block 
copolymers which are useful as compatibllizing agents for polymer blends, or dispersing 
agents for coating systems or for the preparation of narrow molecular weight resins or 
oligomers for use in coating technologies and thermoplastic films or as toner resins and liquid 
immersion development ink resins or ink additives used for electrophotographic imaging 
processes. 

There are numerous documents in the literature describing the controlled radical 
polymerization of ethylenically unsaturated monomers using alkoxyamines or nitroxides. 

US-A-4 581 429 to Solomon et aL, issued April 8, 1986, discloses a free radical polymeriza- 
tion process which controls the growth of polymer chains to produce short chain or ollgo- 
meric homopolymers and copolymers, including block and graft copolymers. The process 
employs an initiator having the formula (in.part) R'R"N-0-X, where.X Is a free radical species 



capable of polymerizing unsaturated monomers. The reactions typically have low conversion 
rates. Specifically mentioned radical R'R' N-0» groups are derived from 1.1.3.3 
tetraethylisoindoline. 1.1.3.3 tetrapropylisoindoline. 2.2,6.6 tetramethylpiperidine. 2.2.5.5 
tetramethylpyrrolidine or di-t-butylamine. However, the suggested compounds do not fulfill all 
requirements. Particularly the polymerization of acrylates does not proceed fast enough 
and/or the monomer to polymer conversion is not as high as desired. 

Recently other attempts to develop new polymerization regulators have been published. WO 
98/4408 and WO 98/30601 disclose heterocyclic compounds suitable for controlled 
polymerization processes. WO 98/13392 discloses open chain alkoxyamines which are 
derived from NO gas or from nitroso compounds. 

WO 00/07981 discloses a variety of open chain alkoxyamine compounds which have no or at 
most only one electron withdrawing group at the C-atom in p-positlon to the nitrogen atom. 
These compounds are stable at low temperature and decompose readily at elevated 
temperature. 

Surprisingly. It has now been found that higher alkyi and phenyl substitution patterns at the 
carbon atom in a position to the nitrogen atom lead to inttiators/regulators. which allow 
controlled radical polymerization at a temperature of 100« C or below. Due to the higher 
steric hindrance around the nitrogen atom, compared to prior art compounds, high 
conversions are achievable even at temperatures as low as 100'C. This makes the 
compounds particularly useful for controlled radical polymerization processes under aqueous 
conditions at ambient pressure. So far there exists no regulator/initiator which would allow 
efficient radical polymerization under such conditions. 

Polymerization of monomers with the Instant compounds results in a polymer or copolymer of 
nan-ow polydlspersity and high monomer to polymer conversion even at temperatures below 
100° C. High conversions are achieved even in short reaction times. 



One subject of the invention is a compound of formula la. lb. 




wherein 

Y is O or NRioi and R101 is H or Ci-CiaalkyI or R7 and/or Ra and R101 togetlier with the 

nitrogen atom to which they are bound form a 5 or 6 membered heterocyclic ring; 

Ri, R2 and R3 independently are benzyl, Ci-CiaalkyI, CVCiaalkenyl which are unsubstituted 

or substituted by OH or a by group -O-C(O)-Ri02; or Ca-CisalkyI which is interrupted by at 

least one O atom or a group NR102 wherein R102 is hydrogen, Ci-Ci8alkyl or Cs-Cioaryl; 

or Ri and R2 together with the carbon atom to which they are bound form a Cs-CiacycloalkyI 

group; or in formula la R3 and R4 together with the carbon atom to which they are bound form 

a C5-Ci2cycloaikyl group; 

R4 is C2-Ci2alkyl; 

Rs and Re are independently H, CrCisaikyI, C2-Ciaalkenyl, benzyl, Cs-CizcycloalkyI or 
phenyl: 

R7 and Ra independently are H, Ci-Ciealkyl, C2-Ci8alkenyl, C5-Ci2cyctoalkyl or a group 
-C(0)-(Ci-Ci8)alkyl. -C(0)-0-(Ci-CiB)alkyl. -C(0)-0-phenyl, -C(0)-C(0)-OH. -C(0).C(0)-NH- 

(Ci-Ciaalkyl). -C(S)-S-(Ci-Cia)aIkyl. ^"^^^ » -SiRaRbRc wherein Ra . Rb . Rc 
independently are Ci-CiaalkyI or R7 and Ra are the following group 
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R 




wherein Rtoa. Rio4 and Rws independently are H. Ci-Cealkyl. Ci- 



Csalkoxy. C,-C8alkylthio, -0-C(0HCrC8)alkyl. .0-C(0)-(C6-Cio)aryI. nitro. cyano or halogen; 

R9. Rio. R11. R12. Ri3 and R14 Independently are H. OH. CrCalkoxy. Ci-Cgalkyl. SH. Ct- 
Caalkylthio. -OC(OHCi-C8)alkyl. -0-C(OHCe-Cio)aryl. nitro. cyano. halogen or a group 
NRioeRioT wherein R108 and R,o7 independently are hydrogen. Ci-CiaalkyI or CarCioaryl or 
together with the nitrogen atom to which they are bound fomi a 5 or 6 membered 
heterocyclic ring; and. 
X is selected from the group consisting of 



CecycloalkyOjCCN, (Ci-CiaalkyOaCCN, -CH2CH=CH2. (C,-Ci2)alkyl-CR20-C(O)-(Ci-Ci2)alkyl. 
(C,-Ci2)alkyl-CR20-C(0)-(C6-C,o)aryl. (CrCi2)alkyl-CR20-C(O)-O-R2i. (C,-Ci2)alkyl-CR2o- 
C(0)-phenoxy.(C,-Ci2)alkyl-CR2o-C(0)-N-dl(Ci-C,2)alkyl.(Ci-Ci2)alkyl-CR2o-CO-NH(C,- 

Ci2)alkyl. (Ci-C,2)alkyl-CR2o-CO-NH2. -CH2CH=CH-CH3. -CH2-C(CH3)=CH2. -CH2-CH=CH- 



R20 is hydrogen or Ci-CizalkyI; 

R21 is Ci-Ci8alkyl or C2-Ci8a!kyl which is interrupted by at least one O atom or a group NR102 
wherein R102 Is hydrogen. Ci-CiaaikyI or Cs-Cioaryl; 

the alkyi groups are unsubstituted or substituted with one or more -OH. -COON. -0(Ci- 
Caalkyl). NR106R107 or -COR20 groups wherein R20. Rioe and Rior have the meanings as 
defined above; 




phenyl. -CHj-C 




O 




the aryt groups are phenyl or naphthyl which are unsubstituted or substituted with Ci* 
Cizalkyl. halogen, CrCijalkoxy. Ci-Ciaalkylthio, Ci-Ci2alicylcarbonyl, glycidyloxy. OH. SH. 
-COOH or-COO(Ci-Ci2)alkyL 

The alkyi radicals in the various substituents may be linear or branched. Examples of alky! 
containing 1 to 18 carbon atoms are methyl, ethyl, propyl, isopropyl, butyl. 2-butyl, isobutyi, t- 
butyl, pentyl. 2-pentyl, hexyl, heptyl, octyl, 2-ethylhexyl, t-octyl, nonyl, decyl, undecyl. 
dodecyl. tridecyl, tetradecyl. hexadecyl and octadecyL 

Alkenyl with 2 to 18 carbon atoms is a linear or branched radical as for example vinyl, pro- 
penyl, 2-butenyl, 3-butenyl. isobutenyl, n-2,4-pentadienyl, 3-methyi-2-butenyl, n-2-octenyl, n- 
2-dodecenyl. iso-dodecenyl. oleyl. n-2-octadecenyl Oder n<4-octadecenyl. 
Preferred is alkenyl with 3 bis 12, particularly preferred with 3 to 6 carbon atoms. 

5 or 6 membered heterocyclic rings are for example piperidine orpyrolidine. 

Examples for hydroxy substituted alkyi are hydroxy propyl, hydroxy butyl or hydroxy hexyl 

Ca-CiaalkyI interrupted by at least one O atom is for example -CHa-CHa-O-CHz-CHa, -CH2- 
CH2-O-CH3- or -CH2-CH2-O-CH2-CH2-CH2-O-CH2-CH3-. It is preferably derived from 
polyethlene glycol. A general description is -((CH2)a-0)b*H/CH3, wherein a is a number from 1 
to 6 and b is a number from 2 to 10. 

/ 

C2*Ci8alkyl interrupted by at least one NR5 group may be generally described as -((CH2)a- 
NR5)b-H/CH3, wherein a, b and R5 are as defined above. 

Cg-Cio aryl is for example phenyl or naphthyl, but also comprised are Ci-C4alkyi substituted 
phenyl, Ci-C4alkoxy substituted phenyl, hydroxy, halogen or nitro substituted phenyl. 
Examples for alkyi substituted phenyl are ethylbenzene, toluene, xylene and its isomers, 
mesitylene or isopropylbenzene. Halogen substituted phenyl is for example dichlorobenzene 
or bromotoluene. 

C5-Ci2cycloaIkyl is typically, cyclopropyl, cyclopentyl. methylcyclopentyl, dimethylcyclopentyl, 
cyclohexyl, methylcyclohexyi or trimethylcyclohexyl. 



Alkoxy substituents are typically methoxy. elhoxy. propoxy or butoxy and their corresponding 
Isomers. 



The alkythio substituents may be derived from the corresponding alkoxy substituents already 
mentioned. 

Halogen is fluoro. chloro, bromo or iodo. 

Preferably X is selected from the group consisting of -CHrPhenyl. CHaCH-phenyl. {CH^^hP- 

phenyl. (Cs-CecycloalkyOaCCN. (CH3)2CCN. <(^~"y-CN ■ -CH2CH-CH2. CH3CH- 

CH=CH2. (Ci-Cealkyl)CR20-C(O)-phenyl. (Ci-C8)alkyl-CR20-C(O)-(C,-Ca)alkoxy. (Ci-C8)alkyl- 
CRao-C(OHCrC8)alkyl.(Ci-C8)aIkyl-CR2o-C(0)-N-di(Ci-C8)alkyl.(Ct-C8)alkyl-CR2o-C(0)- 

NH(C,-C8)alkyl and {Ci-Ca)alkyl-CR20-C(O)-NH2. wherein 
R20 is hydrogen or (Ct-Ce)alkyl. 

More preferably X Is selected from the group consisting of -CHa-phenyl. CHaCH-phenyl. 

(CH3)2C-phenyl, (Cs-CecycloalkyDaCCN. (CH3)2CCN. y-CN . -CH2CH=CH2. 

CH3CH-CH=CH2. (CrC4alkyl)CR20-C(O)-phenyl. (Ci-C4)alkyl-CR20-C(O)-(CrC4)alkoxy. (C- 
C4)alkyl-CR20<;(OHC,-C4)alkyl,(Ci-C4)alkyl-CR20-C(O)-N-dl^^^ 
C(0)-NH(C,-C4)alkyl and (Ci-C4)alkyl-CR20-C(O)-NH2. wherein 
R20 is hydrogen or (Ci-C4)alkyl. 

Preferably in the compounds of fomnula la. lb and Ic Y is O and In formula la R4 is Ca-CaalkyI 
or R3 and R4 together with the carbon atom to which they are bound fomi a 5 to 7 membered 
cycloalkyi ring.. 

A preferred subgenus of compounds is wherein 

R,. R2 and R3 are Ci-CsalkyI; or In formula la R3 and R4 together with the carbon atom to 
which they are bound form a Cs-Cgcycloalkyl group; or 
R4 is C2-C6alkyl; 
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Rs and Ro are H; 

R7 and Re independenUy are H. C,-C,aalkyl. allyl, benzyl. Cs-CucycloalkyI or a group 
-C(0)-(CrC,8)alkyl. -C(0)-0-(CrC,8)alkyl, -C(0)-C(0)-OH. -C(S)-S-(C,-C„)alkyl. 

Q _Jf3 ' "S'RaReRe wherein Ra , Rb . R* Independently are C-CisalkyI or R7 and R, are 



the following group \ / wherein R,o3. Rm and R,os independently are H. C.- 

Caalkoxy. C-Caalkylthio, -0-C(0)-(C,-Ca)alky!. nitro. cyano. halogen, Ci-CaalkyI; 

R9. R,o and R,i independently are H, Ci-Caalkoxy. Ci-Caalkylthio, -0-C(0)-(C,-C8)alkyl, nitro, 

cyano, halogen or Ci-CaalkyI; and 

X is as defined as atjove. 

More preferred is a compound of formula lb or Ic. 

A particularly preferred subgenus is a compound of formula lb wherein 
YisO: 

Ri and R2 are Ci-Csaikyi. or together with the carbon atom to which they are bound fonn a 

Cs-Crcycloalkyi group; 

Ra is methyl, ethyl or propyl; 

Ra and Re are H; 

R7 and «e Independently arei H, C,-C,8alkyl. allyl. benzyl, Ca-CzcycloalkyI or a group 
-C(OHCrC„)alkyl. -C(0)-0-(Ci-Ci8)alkyl. -C(0)-C(0)-OH, -C(S>S-(C,-Ci8)alkyl. 

0^5^,X^ ' ■^'^a'^*''^ wherein Ra , Rb , Rc independently are Ct-CiaalkyI or R7 and Ra are 



the following group >/_ \^ / wherein R,o3. Rio4 and R105 Independently are H. Ci- 

Cealkoxy. Ci-Caalkylthio. -0-C(OHCi-Ca)alkyl. nitro. cyano. halogen, Cn-CaalkyI; 
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Rs. Rio. Rii. Ri2. Ri3 and R14 independently are H, Ct-Cealkoxy, C-CBalkylthio. -0-C(OHC,- 
C8)alkyl. nitro. cyano. halogen or Ct-Csalkyl; and 
X is selected from the group consisting of 

H3C 

H \ 
-CHraryl. alkyKC^-C.g)— C-aryl . ^H^-CHraryl. alkyKC.-C,^) — |— aryl . (c^. 



CecycloalkyOaCCN, (C,-C,2alkyl)2CCN. -CH2CH=CH2, (Ci-Ci2)alkyl-CR20-C(O)-(Ci-C,2)alkyl. 
(C,-Ct2)alkyl-CR20-C(0)-(C6-C,o)aryl. (Ci-C,2)alkyl-CR20-C(O)-O-R2i, (Ci-Ci2)alkyl-CR2o- 
C(0)-phenoxy. (Ci-Ci2)alkyl-CR20-C(O)-N-di(Ci-Ci2)alkyl, (C,-Ci2)alkyl-CR2o-CO-NH(C,- 
Ci2)alkyl. (Ci-Ct2)alkyl-CR2o-CO-NH2. -CHaCH^CH-CHa. -CHz-C(CH3)=CH2. -CHz-CH^CH- 

phenyl, -CH^-C^^ , 3-cyclohexenyl, 3-cyclopentenyl, f^^^^^^^^ • 



CN . L JL °^ /~^V-C^ .wherein 

\_/ R^CN 

R20 is hydrogen or Ci-Ci2alkyt; 

R21 is Ci-CiaalkyI or C2-Ci8alkyl which is interrupted by at least one O atom or a group NR,o2 
wherein R102 is hydrogen, Ci-CiaalkyI or Ce-Cioaryl; 

the alky! groups are unsubstituted or substituted with one or more -OH, -COOH, -0(Ci- 
Cealkyl). NRioeRior or -COR20 groups wherein R20, Rioe and R107 have the meanings as 
defined above; 

the aryl groups are phenyl or naphthyl which are unsubstituted or substituted with Ci- 
Czalkyl. halogen. Ci-Ci2alkoxy, Ci-Ciaalkylcarbonyl, glycidyloxy, OH, -COOH or-COO(Ci- 
Ci2)alkyl. 

A further subject of the Invention is a polymerizable composition, comprising 

a) at least one ethylenically unsaturated monomer or oligomer, and 

b) a compound according to formula (la) (lb) or (Ic). 




Yet another subject of the invention is a process for preparing an oligomer, a cooligomer. a 
polymer or a copolymer (block or random) by free radical polymerization of at least one 
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ethylenically unsaturated monomer or oligomer, which comprises {co)polymerizing the 
monomer or monomers/oligomers in the presence of an initiator compound of formula (la), 
(lb) or (Ic) under reaction conditions capable of effecting scission of the O-X bond to form two 
free radicals, the radical •X being capable of initiating polymerization. 

Preferably the scission of the O-X bond Is effected by ultrasonic treatment, heating or 
exposure to electromagnetic radiation, ranging from y to microwaves. 

More preferably the scission of the OX bond is effected by heating and takes place at a 
temperature of between 50*C and 160*C, In particular between BO^'C and 120^0 and most 
preferred between 80''C and lOO^'C. 

Preferably the compound of formula la, lb or Ic is present in an amount of from 0.001 mol-% 
to 20 mol-%, more preferably of from 0.002 mol-% to 10 mol-% and most preferably of from 
0.005 mol-% to 5 moI-% based on the monomer or monomer mixture. 

When monomer mixtures are used the average molecular weight js taken as basis. 

Definitions and preferences for the compounds are mentioned above, they apply also for the 
composition and process. 

Preferably the ethylenically unsaturated monomer is selected from the group consisting of 
ethylene, propylene, n-butylene, i-buty!ene, styrene, substituted styrene. conjugated dienes, 
acrolein, vinyl acetate, vinylpyrrolidone, vinylimidazole, maleic anhydride, (alkyl)acrylic 
acidanhydrides. (alkyl)acrylic acid salts, (alkyl)acrylic esters, (alkyl)acrylonitriles. 
(alkyl)acrylamides, vinyl halides or vinylidene halides. 

Preferably the ethylenically unsaturated monomer is a compound of formula 
CH2=C(Ra)-(C=Z)-Rb. wherein Ra is hydrogen or C,-C4alkyl. Rb is NH2, OXMe""). glycidyl. 
unsubstituted Ci-Cisalkoxy. Cz-Ciooalkoxy intenxipted by at least one N and/or O atom, or 
hydroxy-substituted Ci-Ciealkoxy, unsubstituted Ci-Ciaalkylamino, di(Ci-Ci8alkyl)amino. 
hydroxy-substituted Ci-Ciealkylamino or hydroxy-substituted di(Ci-Ci8aIkyl)amino. -O-CH2- 
CH2-N(CH3)2 or -0-CH2-CH2-N*H(CH3)2 An'; 
An' is a anion of a monovalent organic or Inorganic acid; 
Me is a monovalent metal atom or the ammonium Ion. 
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Z is oxygen or sulfur. 

Examples of adds from which the anion An' is derived are Ci-Cucarboxylic acids, organic 
sulfonic acids such as CF3SO3H or CH3SO3H. mineralic adds such as HCI. HBr or HI, 0x0 
adds such, as HCIO4 or complex adds such as HPF» or HBF4. 

Examples for Ra as C2-Ciooall<oxy interrupted by at least one O atom are of formula 



CisalkyI, Rd is hydrogen or methyl and v Is a numl)er from 1 to 50. These monomers are for 
example derived from non Ionic surfactants by acrylation of the corresponding alkoxylated 
alcohols or phenols. The repeating units may be derived from ethylene oxide, propylene 
oxide or mixtures of both. 

Further examples of suitable acrylate or methacrylate monomers are given below. 




r 



. wherein R* is Ci-CasalkyI, phenyl or phenyl substituted by d- 



V 




An', wherein An' 



and Ra have the meaning as defined above and Re is methyl or benzyl. An' Is preferably CI', 
Br'or'OaS-CHa. 




Preferably Ra Is hydrogen or methyl, Rb is NH2, gycldyl, unsubstituted or with hydroxy 
substituted Ci-C4alkoxy. unsubstituted Ci-C4alkylamino, di(Ci^4all<yl)amino, hydroxy- 
substituted Ci*C4alkylamino or hydroxy-substituted di(Ci-C4alkyl)amino;and 



Z is oxygen. 



More preferred the ethytenicaliy unsaturated monomer is an acrylic acid ester, acrylamide. 
acrylnitrile. methacrylic add ester, methacrylamide, methacrylnitrile. 

Acrylic add esters and methacrylic acid esters are typically Ci-CisalkyI esters. 

Most prefen«d is n-butylacrylate, tert-butylacrylate. methylacrylate. ethylacrylate. 
prop^acrylate. hexylacrylate and hydroxyethylacrytate. 

After the polymerization step Is completed the reaction mixture may be cooled down to a 
temperature below 60° C. preferably to room temperature. The polymer may be stored at this 
temperature without further reactions occuring. 

The process may be carried out In the presence of an organic solvent or in the presence of 
water or in mixtures of organic solvents and water. Additional cosolvents or surfactants, such 
as glycols or ammonium salts of ^tty adds, may be present. Other suitable cosolvente are 
described hereinafter. 

As already mentioned the present compounds are particularly useful for aqueous 
polymerizations, since they allow efficient conversions at temperatures at or below 100'C. 

If organic solvents are used, suitable solvents or mixtures of solvents are typically pure 
alkanes (hexane, heptane, octane, isooctane), aromatic hydrocarbons (benzene, toluene, 
xylene), halogenated hydrocarbons (ohiorobenzene), alkanols (methanol, ethanol, ethylene 
glycol, ethylene glycol monomethyl ether), esters (ethyl acetate, propyl, butyl or hexyl 
acetate) and ethers (diethyl ether, dibutyl ether, ethylene glycol dimethyl ether), or mixtures 
thereof. 

The aqueous polymerization reactions can be supplemented with a water-miscible or 
hydrophillc cosolvent to help ensure that the reaction mixture remains a homogeneous single 
phase throughout the monomer conversion. Any water-soluble or water-miscible cosolvent 
may be used, as long as the aqueous solvent medium is effective in providing a solvent 
system which prevents predpitatlon or phase separation of the reactants or polymer products 
until after all polymerization reactions have been completed. Exemplary cosolvents useful in 
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the present invention may be setected from the group consisting of aliphatic alcohols, 
glycols, ethers, glycol ethers, pyrrolidines, N-alkyI pyn-olidinones. N-alkyI pyn^olidones, 
polyethylene glycols, polypropylene glycols, amides, carboxylic acids and salts thereof, 
esters, organosulfides, sulfoxides, sulfones. alcohol derivatives, hydroxyether derivatives 
such as butyl carbitol or cellosolve, amino alcohols, ketones, and the like, as well as 
derivatives thereof and mixtures thereof. Specific examples include methanol, ethanol, 
propanol, dioxane. ethylene glycol, propylene glycol, diethylene glycol, glycerol, dipropylene 
glycol, tetrahydrofuran, and other water-soluble orwater-miscible materials, and mixtures 
thereof. When mixtures of water and water-soluble or water-miscible organic liquids are 
selected as the aqueous reaction media, the water to cosolvent weight ratio is typically in the 
range of about 100:0 to about 10:90. 

The process is particuiariy useful for the preparation of block copolymers. 

Block copolymers are, for example, block copolymers of polystyrene and polyacrylate (e.g., 
poly(styrene-co-acrylate) or poly(styrene-co-acrylate-co-styrene). They are useful as 
adhesives or as compatibilizers for polymer blends or as polymer toughening agents. 
Poly(methylmethacrylate-co- acrylate) diblock copolymers or poly(methylacrylate-co-acrylate- i; 
co-methacrylate) triblock copolymers) are useful as dispersing agents for coating systeme, 
as coating additives (e.g. rheological agents, compatibilizers, reactive diluents) or as resin 
component in coatings(e.g, high solid paints). Block copolymers of styrene, (meth)acrylates 
and/or acrylonitrile are useful as modifiers for plastics, elastomers and adhesives. 

Furthermore, block copolymers of this invention, wherein the blocks alternate between polar 
monomers and non-polar monomers, are useful in many applications as amphiphilic 
suri'actants or dispersants for preparing highly uniform polymer blends. 

The (co)polymers of the present Invention may have a number average molecular weight 
from 1 000 to 400 000 g/mol, preferably from 2 000 to 250 000 g/mol and, more preferably, 
from 2 000 to 200 000 g/mol. The number average molecular weight may be determined by 
size exclusion chromatography (SEC), matrix assisted laser desorption/Ionization mass 
spectrometry (MALDI-MS) or, if the initiator carries a group which can be easily distinguished 
from the monomer(s), by NMR spectroscopy or other conventional methods. 

The polymers or copolymers of the present invention have preferably a polydispersity of from 
1.1 to 2, more preferably of from 1.1 to 1.8 and most preferably from 1.1 to 1.6. 




Thus, the present invention also encompasses in the synthesis novel block, multi-block. star, 
gradient, random, hyperbranched and dendritic copolymers, as well as graft copolymers. 

The polymers prepared by the present invention are useful for following applications: 
adhesives, detergents, dispersants, emulsifiers, surfactants, defoamers. adhesion promoters, 
corrosion inhibitors, viscosity improvers, lubricants, rheology modifiers, thickeners, 
crosslinkers, paper treatment, water treatment, electronic materials, paints, coatings, photo- 
graphy, ink materials, imaging materials, superabsorbants, cosmetics, hair products, preser- 
vatives, biocide materials or modifiers for asphalt, leather, textiles, ceramics and wood. 

Mematively controlled free radical polymerization may be canled out using the nitroxyl 
precursors of the corresponding atkoxyamines together with a source of free radicals. 
Consequently a further subject of the invention Is a polymerizable composition, comprising 

a) at least one ethylenically unsaturated monomer or oligomer, and 

b) a compound according to formula (Ha) (lib) or (lie) 




Rio ^10 

wherein 

Y is O or NRioi and R101 is H or Ci-Ciaalkyl or R7 and/or Rs and R101 together with the 
nitrogen atom to which they are bound form a 5 or 6 membered heterocyclic ring; 
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R,. Rj and Ra independently are benzyl. Ci-Ciealkyl. CrCisalkenyl which are unsubstituted 
or substituted by OH or a by group -O-C(O)-Rt02; or CrCisallcyl which is interrupted by at 
least one O atom or a group NR102 wherein Rto2 Is hydrogen. Ci-Ci8alkyl or Cs-Cioaryl; 
or R, and R2 together with the carbon atom to which they are bound form a Cs-CiacycloalkyI 
group; or in formula la R3 and R4 together with the carbon atom to which they are bound fonm 
a Cs-Ci2cycloaIkyl group; 
R4 is C2-Ci2alkyl; 

R5 and R« are independently H. Ci-Ciealkyl. C2-Ci8alkenyl, benzyl, CyCiacycloalkyl or 
phenyl; 

R7 and Rb independently are H. Ci-C,9aikyl. Cz-Csalkenyl, C-rCizcycloalkyI or a group 
-C(0)-(CrC,e)alkyl. -C(0)-0-(Ct-C,8)alkyI. -C(0)-0-phenyl. -C(0)-C(0)-OH. -C(0)-C(0)-NH- 



Csaikoxy. C-Caalkylthio, -0-C(0HCi-C8)alkyl, -0-C(OHCe-C,o)aryl. nitro. cyano or halogen; 

R9. Rio, R11. R12, Ri3 and Ru independently are H. OH, C,-C8alkoxy, Ci-Caalkyl. SH, C,- 

Csalkylthio, 

-0-C(0HCi-C8)alkyl. -0-C(0)-(C9-Cio)aryl, nitro, cyano. halogen or a group NRiobRio? 
wherein Rios and Rw independently are hydrogen, C,-Ci8alkyl or Cs-Cioaryl or together with 
the nitrogen atom to which they are bound fomi a 5 or 6 membered heterocyclic ring; 
and 

c) a source of free radicals capable of initiating polymerization of ethylenically unsaturated 
monomers. 

Also subject of the invention is a process for preparing an (rflgomer, a coollgomer. a polymer 
or a copolymer (block or random) by free radical polymerization of at least one ethylenically 
unsaturated monomer/ollgomer. which comprises subjecting the above composition 
according to heat or actinic radiation. 




independently are Ci-Ci8alkyt or R7 and Ra are the following group 



■105 



//^~\__/ wherein R103, R104 and Rios independently are H, Ci-CealkyI, Ci- 
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The free radical initiator of component c) is preferably a bis-azo compound, a peroxide 
perester or a hydroperoxide. 

Specific prefen-ed radical sources are 2,2 -azobisisobutyronitrite, 2.2 -azobis(2-methyl- 
butyronitrile), 2,2'-azobis(2,4-dimethylvaIeronitrile), 2.2'-azobis(4-methoxy-2,4-dimethylva(e- 
ronitrile), 1,1 -azobis(l-cyclohexanecarbonitrile), 2,2 -azobls(lsobutyramide) dihydrate, 2- 
phenylazo-2,4-dimethyl-4-methoxyvaleronitrile, dimethyl-2,2-azobtsisobutyrate, 2- 
(carbamoylazo)isobutyronitrile, 2,2-azobis(2,4,4-trlmethylpentane). 2,2'-azobis(2- 
methylpropane). 2,2 -azobis(N,N'-dimethyleneisobutyramidine). free base or hydrochloride, 
2.2-azobis(2-amidinopropane), free base or hydrochloride. 2,2-azobis{2-methyl-N-[1,1- 
bis(hydroxy methy t)ethyI]proplonamide} or 2,2 -azobis{2-methyl-N-[1 , 1 -bis(hydroxymethyl)-2- 
hydroxyethyl]propionamide; acetyl cyciohexane sulphonyl peroxide, diisopropyl peroxy 
dicarbonate, t-amyl perneodecanoate, t-butyl pemeodecanoate, t-butyl perplvalate, t- 
amylperpivalate, bls(2,4-dichlorobenzoyl)peroxide, dttsononanoyi peroxide, didecanoyi 
peroxide, dioctanoyi peroxide, dilauroyi peroxide, bis (2-methylbenzoyl) peroxide, disuccinic 
acid peroxide, diacetyl peroxide, dibenzoyi peroxide, t-butyl per 2-ethylhexanoate, bis-(4- 
chlorobenzoyl)-peroxide. t-butyl perisobutyrate, t-butyl pemialeinate, 1,1-bis(t- 
butylperoxy)3,5,5-trimethylcyclohexane, 1,1-bis(t-butylperoxy)cyclohexane, t-butyl peroxy 
isopropyl carbonate, t-butyl perisononaoate, 2,5-dimethylhexane 2,5-dibenzoate, t-butyl 
peracetate, t-amyl perbenzoate, t-butyl perbenzoate, 2,2-bis (t-butylperoxy) butane, 2,2 bis 
(t-butylperoxy) propane, dicumyl peroxide, 2,5-dimethylhexane-2,5-di-t-butylperoxide, 3-t- 
butylperoxy 3-phenylphthalide, di-t-amyl peroxide, a, a -bis{t-butylperoxy isopropyl) benzene, 
3,5-bis (t-butylperoxy)3.5-dlmethyl 1 ,2-dioxolane, di-t-butyl peroxide, 2,5-dimethylhexyne-2,5- 
dl-t-butylperoxlde, 3,3,6,6,9,9-hexamethyl 1,2,4,5-tetraoxacyclononane, p-menthane 
hydroperoxide, pinane hydroperoxide, diisopropylbenzene mono-a-hydroperoxide, cumene 
hydroperoxide or t-butyl hydroperoxide. 

Azo initiators and peroxides are most preferred. 

Preferably the nitroxyl radical of component c) is present in an amount of from 0.001 mol-% 
to 20 mol-%, more preferably of from 0.002 mol-% to 10 mol-% and most preferably of from 
0.005 mol-% to 5 mol-% based on the monomer or monomer mixture. 
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Preferably the free radical initiator is present in an amount of from 0.001 moi-% to 20 mol-%, 
more preferably of from 0.002 mol-% to 10 mol*% and most preferably of from 01005 mol-% 
to 5 moi-%, based on the monomer or monomer mixture. 

The molar ratio of free radical initiator to stable free nitroxyl radical Is preferably from 20:1 to 
1:2, more preferably from 10:1 to 1:2, 

The compounds of formula lib are novel and therefore also subject of the present invention 



Y is O or NRioi and Rioi is H or Ci-C-isalkyl or Ry and Rioi together with the nitrogen atom to 
which they are bound form a 5 or 6 membered heterocyclic ring; 

Ri, Rs and R3 independently are benzyl. Ci-CisalkyI, C2-Ci8alkenyl which are unsubstituted 

or substituted by OH or a group -O-C(O)-Ri02; or Ca-CisalkyI which is inten-upted by at least 

one O atom or a group NR102 wherein R102 is hydrogen, Ci-CisalkyI or Cs-Cioaryl; 

or Ri and R2 together with the carbon atom to which they are bound form a C5-Ci2cycloalkyl 

group; 

Rs and Re are independently H, CrCiealkyl. Cz-Ciaalkenyl, benzyl, C5-C,2cycloalkyl or 
phenyl; 

R7 and Ra independently are H, Ci-Ciaalkyf, Cz-Cisalkenyl. C5-Ci2cycloalkyl or a group 
.C(OHCi-Ci8)alkyl. -C(0)-0-(Ci-Ci8)alkyl. -C(0)-0-phenyl. .C(0)-C(0)-OH, -C(0)-C(0)-NH. 




10 



wherein 




independently are Ci-CiaalkyI or R7 and Rs are one of the following groups 
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wherein R,o3, Rkm and Rtos independently are H. Ct-Csalkyl. Ci- 



Csalkoxy. CrCaalkylthio, -0-C(0)-(Cn-C8)alkyl, -0-C(0)-{C6-Cio)aryl. nitro, cyano or halogen; 

R9. Rio and Rti independently are H. OH, Ci-Caaikoxy, Ci-CsalkyI, SH, Ci-CBalkylthio, 
•C>-C(OHCi*C8)alkyl, -0-C(OHC6-Cio)aryl, nitro. cyano, halogen or a group NRioeRior 
wherein Rioe and R107 independently are hydrogen, CrCi8aikyl or Cs-Cioaryl or together with 
the nitrogen atom to which they are bound form a 5 or 6 membered heterocyclic ring. 

Prefered is a compound of formula lib wherein 
Y is O; 

Ri and R2 are -CHa. or together with the carbon atom to which they are bound form a C5- 

Cycycloalkyl group; 

R3 is methyl, ethyl or propyl; 

Rs and Re are H; 

R7 and Rs independently are H, Ci-Ci8alkyi, allyl, benzyl, Cs-Ciscycloalkyi or a group 
-C(OHC,-Ci8)aIkyl. -C(0)-0-{Ci-Ci8)alkyl, -C(0)-C(0)-OH, -C(S)-S-{Ci-Ci8)alkyl, 



S , -SiRaRbRc wherein Ra . Rt » Rc independently are Ci-Ciealkyl or R7 and Ra are 



are H. Ci-Caalkoxy, Ci-Csalkylthio, -0-C{0)-(Ci-C8)alkyl, nitro, cyano, halogen. Ci-Cgalkyl; 
and 

R9. Rio and Rn independently are H, Ci-Caalkoxy. Ci-Caalkylthio, -0-C(0HCi'C8)alkyl, nitro, 
cyano, halogen or Ci-Csalkyl. 

Further subjects of the invention are the use of a compound of formula la, Ibor Ic for the 
polymerization of ethylenicatly unsaturated monomers; the use of a compound of formula lla. 




one of the following groups 




wherein R103. R104 and R^os independently 
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lib or He together with a source of free radicals for the polymerization of ethylenically 
unsaturated monomers and a polymer or copolymer obtainable by one of the above 
mentioned polymerization processes. 

Open chain alkoxyamines and nitroxides are prepared via two general routes. A) Oxidation of 
3,3.5,S-tetrasubstituted morphoiin-2-ones by peracetic acid, followed by alkylation of the 
resulting N-oxyls (CuBr. t*BuOOH, ethylbenzene; or CuCI, pentamethylethytenetriamine, 1- 
phenethylbromide) and reductive ring cleavage (LiAIH4). B) Ring opening of 3,3,5,5- 
tetrasubstituted morpholin*2-ones (NaOH), followed by dialkylation of the resulting hydroxy 
carboxylate salts (NaH, alkylhalide), reduction of the ester group (LiAIH4). acetylatton 
(acetyichloride, pyridine), o>ddation to the N-oxyl (peracetic acid) and alkylation of the N<-oxyl 
(CuCI, pentamethylethylenetriamine, 1 -phenethylbromide). 

3,3,5,5-Tetrasubstituted morpholin-2-ones and 3,3,5,5-tetrasubstltuted morpholin-2-one N- * 
oxyls are well known compounds in the literature. Their preparation is described in e.g. in . 
WO 98/44008, WO 01/23435, J. T Lai. Synthesis 1984. 122 and S. D. Rychnovsky et al., J. ' 
Org. Chem, 1998, 63, 6363. ^ 

The following examples illustrate the invention. 
A) Examples for the preparation of alkoxvamines 

The alkoxyamines may for example be prepared from morpholinone alkoxyamines as 
described above. The prepared morpholinone-alkoxyamine precursors are shown in Table 1 



Table 1 : Morpholinone-alkoxyamines 
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Nr 


Structure 


Nr S 


structure 


101 


1 

6 

Reference compound as 
example for the general 
preparation 


102 




103 




104 




105 




106 




107 




108 
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Example A1 refgrence for the general preoaration: 3.3.5.5-Tetramethvt~4-<1-phenvl- 



To a solution of 87.8 g (0.51 mol) 3.3,5.5-tetramethyl-morpholln-2-one-N-oxyl (prepared 
according to J.T. Lai, Synthesis 1984. 122) In ethylbenzene (1275 mO and water (64 ml) is 
added 0.88 g (8. 1 mmol) of CuBr and 1 .97 g (6. 1 mmol) of tetrabutylammoniumbromide at 
ambient temperature. The red suspension is vigorously stirred and heated to 40 'C. At this 
temperature 150.7 ml (1.10 mol) of a 70% aqueous tert-butylhydroperoxyde solution is added 
over a period of 20 min. The internal temperature rises during the addition and is kept below 
65 "C by cooling with a water-bath. After complete addition, the emulsion is stirred at 50 "C 
for 30 min. then cooled in an. ice-bath and a solution of 137 g NaaSOs in water (1000 mi) Is 
added. The phases are separated, tiie org. layer Is washed ymi water (2x500 ml) and brine 
(250 mi), dried over Na2S04. filtered and concentrated under reduced pressure. The residue 
Is recrystallized from hexane to yield 104.8 g (74 %) of the titie compound as a white solid. 
^H-NMR (400 MHz, CDCI3). S (ppm): 7.37-7.28 m (5H), 4.76-4.64 2q (1H). 4.09-3.87 m (2H). 
1.65, 1.62, 1.35, 1.29, 1.22. 1.06. 0.85. 0.69 8s (12H). 1.48, 1.44 2d (3H). 

Example A2; 3.3-Diethvl-5.5-dimethvl-4-(1-Dhenvl«ethoxv^-morpholln-2-one 102 

The compound is prepared in analogy to example A1 from 3,3-diethyl-5,5-dimethyl- 
morpholin-2-one-N-oxyl In a yield of 126 % (crude) as yellow liquid. 

^H-NMR (400 MHz, CDCI3), 5(ppm): 7.36-7.25 m (5H), 4.73-4.65 m (1H), 4.04-3.77 m (2H). 
2.22-1.68 m (3H). 1.50-1.46 m (3H), 1.40-0.67 m (13H). 



ethoxv|-morpholin-2-one 101 



Example A3; S.S-Pfmethvl-4-l1-phenvi-ethoxv)-3.3-dlpropvl-morpholin-2-one 103 
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The compound is prepared in analogy to example A1 from 5,5-dimethyl-3,3-dipropyl- 
morpholin-2-one-N-oxyl in a yield of 125 % (crude) as slightly yellow liquid. 
'H-NMR (400 MHz. CDCI3). 5 (ppm): 7.36-7.26 (5H). 4.73-4.64 m (1H). 4.02-3.76 m (2H). 
2.12-1.36 m (7H), 1.29-0.60 m (16 H). 



Example A4: 3.S.S-Trimethvl-3-DentvMW1-Dhenvl'ethoxv^-m orDhoHn-2-one 104 

The compound is prepared In analogy to example A1 from 3,5,5-trimethyl-3-pentyl- 
morpholin-2-one-N-oxyl in a yield of 139 % (cnide) as yellow liquid. 
'H-NMR (400 MHz. CDCI3). 5 (ppm): 7.34-7.25 m (5H). 4.73-4.62 m (1H). 4.03, 3.92. 3.82. 
3.70 4d (2H), 1.89-0.61 m (21 H). 

Example AS: 2.2-Dimeth vM -M -phenvl-ethoxv^-4-oxa-1 -aza-spiro rS.SIundecan-S-one 
105 

The compound is prepared in analogy to example A1 from 2,2-Dimethyl-4-oxa-1-aza- 
spiro[5.5]undecan-5-one-N-oxyl in a yield of 81 % after crystallization as white solid. 
M.p.: 98-102 "C. 

Example A6: 2.2-Dimethvl-1 -f 1 .phenvl-ethQxv\-4-oxa-1-aza-spiro r5.61dodecan-5-cne 
106 

The compound is prepared In analogy to example A1 from 2,2-Dimethyl-4-oxa-1-aza- 
spiro[5.6]dodecan-5-one-N-oxyl in a yield of 89 % after crystallization as white solid. 
M.p.: 88-90 "C. 

Example A7: 3.S.5-Trlmethvl-3-phenvl.4.(1-phen vl-ethoxvl-morpholin-2-one 107 

To 18.3 g (78 mmol) 3,5.5-trimethyl-3-phenyl-morpholin-2-one-N-oxyl (prepared according to 
S.D. Rychnovsky et al.. J. Org. Chem. 1998. 63. 6363). 12.0 g (117 mmol) CuCI and 25.0 ml 
(117 mmol) pentamethyl-diethlenetriamine. toluene (150 ml) is added. The green suspension 
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is stirred and a solution of 11.0 ml (78 mmol) of 1-phenylethylbromide in toluene (SO ml) is 
slowly added during a period of 2 h. After complete addition, the suspension is stin-ed for 20 
h. then filtered over Hyflo. washed with 1M HCI solution (2x 70 ml), water (70 ml) and brine 
(70 ml), dried over Na2S04. filtered and concentrated under reduced pressure. 25.7 g (97 %) 
of the title compound is obtained as a slightly yellow resin. 

'H-NMR (400 MHz. CDCI3), 5 (ppm): 7.70 d (1H). 7.54 d (1H). 7.39-7.20 m (7H). 4.57. 4.51 
2q (1H). 4.13. 3.93. 3.89. 3.70 4d (2H), 1.93, 1.66. 1.37. 1.36. 1.20. 0.62 6s (9H). 1.51. 1.27 
2d (3H). 



Example A8; 3-Ethvi-5.S -dimethvl-3-phenvl-4-<1-Dhenvl-ethoxvVfflorDholin-2-one 108 

The compound is prepared in analogy to example A7 from 3-ethyl-5,5-dimethyl-3-phenyl- 
morpholin-2-one-N-oxyl In a yield of 95 % as yellow liquid. 

'H-NMR (400 MHz. CDCI3). 5 (ppm): 7.70-7.16 m (10H). 5.24-5,08. 4.85-4.80 2m (1H). 3.99- 
3.50 m (2H). 2.45-0.57 m (14H). 



Example A9; 3-(4-Chloro-phenvn-3.5.S-trfmethvl-4-f1-Phenvl-ethoxv^-morpholln-2-one 
109 

The compound is prepared in analogy to example A7 from 3,5,5-trimethyl-3-(4-chloro)phenyl- 
morpholin-2-one-N-oxyl In a yield of 78 % as yellow resin. 

^H-NIWR (400 MHz, CDCI3), 5 (ppm): 7.64 d (1H). 7.41-7.18 m (8H), 4.55-4.45 m (1H), 4.16. 
3.98, 3.89, 3.74 4d (2H). 1.93. 1.68 2s (3H). 1.47. 1.25 2cl (3H). 1.37. 1.36 2s (3H). 1.20, 
0.68 2s (3H). 

The prepared alkoxyamine-diols according to fonnula la and lb are shown in table 2. They 
are prepared starting from the compounds 101 to 109. 



Table 2: Alfcoxyamine-diols according to formula (la) and (lb), 
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209 




Example A10; 2-ff2-Hvdroxv-1.1-di methvl-cthvlW1-Dhenvl.ethoxv^-amino1-2-methvl- 
propan-1-oi 201 

To a suspension of 2.93 g (75 mmol) UAIH4 in THF (1 00 ml) is slowly added at 0-1 0 "C a 
solution of 13.9 g (50 mmol) of compound 101 in THF (50 ml). After complete addition, the 
suspension is heated to reflux and kept at this temperature for 5 h. The mixture is cooled in 
an ice-bath and saturated NH4CI-solution (25 ml) is added carefully. EtOAc (500 ml) and 
water (100 ml) is added, the phases separated and the organic layer washed with water (100 
ml) and brine (100 ml), dried over Na2S04. filtered and concentrated under reduced pressure 
to yield 1 3.2 g (94 %) of the title compound as a white solid. 
M.p.: 79-81 "C. 

Example Ail ; 2-Ethvl-2 -rf2-hvdroxv.1.1-dimethvl^hv»-/1-phenvl-ethoxv^-amino1- 
butan-1-ol 202 

The compound is prepared In analogy to example A10 from compound 102 in a yield of 73 % 
after crystallization as white solid. 
M.p.: 65-69 "C. 

Example A12: 2-K2-Hvd roxv-1.1-dimethvl-ethviM1-Dhenvl-ethoxvt-amIno1-2-propvl- 
pentan-1-ol 203 



The compound is prepared in analogy to example A10 from compound 103 in a yield of 83 % 
after crystallization as white solid. 
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M.p.: 88-92 •C. 



Example A1 3: 2.rf 2.Hvdroxv-1 .1 ^imethv l-ethvlWI -Dhenvl.ethoxv)-amino1-2.methvU 
heptan-1-ol 204 

The compound is prepared in analogy to example A10 from compound 104 in a yield of 71 "} 
as yellow resin. 

'H-NMR (400 MHz. CDCI3). 8 (ppm): 7.39-7.26 m (5H). 4.83^.75 m (1H). 3.79-2.50 m (6H). 
1.85-0.83 m(22H). 

Example A1^: 2-rf 1 .Hvdroxvmethvl-cyclohexvlWI - ohenvl.ethoxv^-aminol-2-methYl- 
propan-1-ol 205 

The compound is prepared in analogy to example A10 from compound 105 in a yield of 77 ' 
after crystallization as white solid. 
M.p.: 84-86 "C. 



Example A1S:2-rM.Hvdroxvmethvl-cvc lQh6PtvlVf1-phenvl-ethoxv^amino1-2.methYl 
prepan-1-ol 206 

The compound is prepared in analogy to example A10 from compound 106 in a yield of 6 
after crystallization as white solid. 
M.p.: 68-72 "C. 

Example A16: 2-K2-HvdrQxv-1 .l.dimethvl-ethvlH ^-Phenvl-ethoxv)-amlno1-2-phenYl 
propan-1-ol 207 

The compound is prepared in analogy to example A10 from compound 107 in a yield of € 
as yellow resin. 

^H-NMR (400 MHz. CDCI3). 5 (ppm): 7.54-7.17 m (10 H). 5.07. 5.00 2q (1H). 4.02-2.15 m 
(6H). 1.78. 1.67. 1.25. 1.03. 0.64. 0.56 6s (9H). 1.70. 1.62 2d (3H). 
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Example A17; 2-rf 2-Hvdroxv1.1.dimathvMthvlU1.oh«inv |^thoxv>-amino1-2.Dhanvl. 
butan-1-ol 208 

The compound is prepared in analogy to example A10 from compound 108 in a yield of 71 % 
after crystallization as white solid. 
M.p.: 94-104 "C. 

Example A18: 2-f4-Chlero-phenvn.2 -rf2-hvdroxv-1.1-dimethvl^thvlW1-Dhenvl-ethoxvU 
amino1-propan-1-ol 209 

The compound is prepared in analogy to example A10 from compound 109 in a yield of 84 % 

as yellow resin. 

MS (DEP(CI)): MH* = 378 



The prepared unsymmetrically substituted open chain alkoxyamine derivatives are shown in 
table 3 together with their amine and nitroxide precursor! 

V 

I 

Table 3: 
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Example A19: Acetic acid 2-f2-benzvloxv-1.1-dimet hvl.ethvlaminoV.2-phenvl-propvl 
ester 301 

The amine 301 is prepared according to the following scheme: 

CHCIj. NaOH 




HO 




1) NaH. BnBr (f^ 
3) AcCI. pyridine 



To a suspension of 183.8 g (2.0 mol) 2-amino-2-methylpropanol. 239 ml (2.0 mol) 
acetophenone. and 123.7 g (3.0 mol) NaOH in 1 .2-dimethoxyethane (500 ml) is slowly added 
80.9 ml (1 .0 mol) chloroform at 0-5 °C (ice-bath) over a period of 4.5 h. After complete 
addition, the temperature is raised slowly to ambient temperature and the brown suspension 
stirred overnight. Water (1L) is added (exothermic), then tert-butylmethylether (1L). Stirring is 
continued for 1 h. then the mixture transfen-ed into a separation funnel, water and tert- 
butylmethylether added until the phases separate. The aqueous phase is evaporated to 
dryness and further dried under high vacuum to yield 151 g of a brown solid. The solid is 
suspended in CH2CI2 (500 ml), stirred for 30 min. then filtered and dried to yield 79.9 g (31 
%) of the sodium salt A as beige solid. 
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To a suspension of 73.6 g (300 mmol) of the sodium salt A is added at room temperature 
24.0 g (600 mmol) of a ca. 60% sodium hydride dispersion in oil. After stirring for 1 h 75.9 mi 
(660 mmol) benzylbromide is slowly added (exothermic, internal temperature is kept below 
40 'C by cooling in a water-bath). After complete addition the mixture is stirred for 1 h. 
another 25.0 ml (217 mmol) benzylbromide are added, stimng continued for 1 h, another 
15.0 ml (130 mmol) benzylbromide added, and stimng continued for another 2.5 h. The 
reaction mixture is carefully hydrolyzed. toluene (500 ml) is added and washed with water 
(2x250 ml) and brine (250 ml), dried (Na2S04). filtered and evaporated. Side products are 
removed by distillation (0.1 mbar. 170 "C bath temperature) to yield 92.4 g (74%) of the 
dibenzylated compound as a brown liquid. A solution of 30.0 g (71.8 mmol) of this In THF (15 
ml) is slowly added to a suspension of UAIH4 In THF (150 ml), maintaining the internal 
temperature below 20 by cooling (Ice-bath). After complete addition, the reaction mixture 
is heated to reflux for 2.5 h, then cooled to 0 'C (Ice-bath) and carefully hydrolyzed. EtOAc ' 
(250 ml) is added, the organic phase washed with water (2x1 00 ml), the aqueous phases 
extracted with EtOAc (250 ml), the combined organic phases washed with brine (1 00 ml), 
dried (Na2S04), filtered and evaporated, Benzylalcohol is removed by distillation (0.1 mbar. • 
140 »C bath temperature) to yield 22.5 g (71.8 mmol; 100%) of the reduced compound as a ; 
brown liquid. This is dissolved in CH2CI2 (100 ml). 7.0 ml (86.1 mmol) pyridine added, then ' 
6.10 ml (86.1 mmol) of acetylchloride slowly added (exothemiic, temperature is kept below 
30 "C by cooling in a water bath). After complete addition, the solution is stirred at ambient 
temperature for 1 6 h. washed with 1 M K2CO3 solution (1 00 ml) and brine (1 00 ml), dried 
(Na2S04). filtered and evaporated to yield 26.35 g (103 %) compound 301 as brown liquid. 
'H-NMR (400 MHz, CDCI3). 5 (ppm): 7.56-7.54 d (2H), 7.35-7.20 m (8H), 4.46 s (2H), 3.98 s 
(2H). 3.20 d (1H). 3.08 d (1H). 2.19 brs (1H). 1.96 s (3H), 1.63 s (3H). 0.90 s (3H), 0.89 s 
(3H). 



Example A20; Acetic acid 2-f2-be nzviQxv-l.l-dimethvl.ethvlaminoW2»Dhenvl-butvi 
ester 302 

The compound is prepared in analogy to example A19 using propicphenone instead of 
acetophenone. Coloriess liquid. 

'H-NMR (400 MHz, CDCI3). 8 (ppm): 7.45 m (2H). 7.36-7.20 m (8H), 4.58-4.47 m (4H). 3.08 s 
(2H). 2.04 s (3H). 1.85-1.76 m (2H), 0.92 s (3H), 0.81 s (3H). 0.62 1 (3H). 
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gifample A?l- Acetic ac id 2-<2-ber 
«ftter.N-oxvl 303 

To a solution of 26.4 g (71.8 mmol) of 301 In toluene (70 ml) is added at the same time a 
30% aq. NaOH solution (30 mO and 23.2 ml (140 mmol) of a 40% solution of peracetic acid 
in acetic acid (exothemiic. Internal temperature is kept below 20 X by cooling in an ice- 
bath) After complete addition, the emulsion is stin-ed at ambient temperature for 1.5 h. 
filtered over hyflo. the organic phase washed with 20% aq. Na2S03 solution (2x50 ml), water 
(50 ml) and brine (50 ml), dried (Na^SO*). filtered and evaporated. The residue is purified by 
flash chromatography over silicagel (hexane/EtOAc 5:1) to give 10.9 g (41 %) of the title 
compound as orange solid. 
M.p.: 42-49 "C. MS (DEP(C!)): MH* = 371. 

Pvamnia A22- Arctic acid 2./2-b6nzvtoxv- i .t.dimethvl.ethvlamino)-2-phenYl-butYl 
Afttar-W-oxvl 304 

The compound is prepared in analogy to example A21 from compound 302 in a yield of 83% 

as brown liquid . 

MS (DEP(CI)): MH* = 385. 

Pv^mnle A23: A.otir. acid 2-n2 . H^n.vi«^v-1.1.dimftfhvl-ethvlH1-phenyl-ethoxy)- 
amino1-2- phenvl-Dropyl ester 305 

The compound is prepared in analogy to example A7 from compound 303 in a yield of 48% 

as yellowish liquid. 

iH-NMR (400 MHZ. CDCU). 5 (ppm): 7.56-7.13 m (15H). 4.97/4.93 2q (1H). 4.50. 4.47. 4.29. 
4.02. 3.67. 3.55. 3.43. 3.16. 2.94. 2.62 lOd (5H). 4.03 S (1H). 1.79. 1.74 2s (3H). 1.61-1.53 
2d + S (4.5H). 1.43. 1.22. 1.05. 0.81. 0.61 5s (7.5 H). 



n ..A24.2■^f ? -«^»^^/^<>vv-i-i-dimethvl-ethy^).(1-phenyl-eth^vy)-amino^.2-phenYl• 

propan-l'Ol 306 
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A solution of 16.3 g (32 mmol) of compound 305 in diethylether (35 ml) is slowly added to a 
suspension of 1.26 g (32 mmol) LiAIH* in diethylether (95 mO. The intemal temperature is 
kept below 10 "C by cooOng with an Ice-bath. After complete addition, stimng is continued at 
room temperature for 1.5 h. The mixture is cooled to 0 'C and carefuHy hydrolyzed. The 
suspension is filtered, the organic phase washed with water (50 ml) and brine (100 ml), dried 
(Na2S04). filtrated and evaporated. The residue Is purified by flash chromatography over 
silicagel (hexane/EtOAc 8:1) to give 5.42 g (40 %) of the title compound as yellowish liquid. 
'H-NMR (400 MHz, CIDCI3), 5 (ppm): 7.62-7.16 m (15H). 5.09. 5.00 2q (1H). 4.51 AB (1H). 
4.05 AB (1H), 4.04, 3.44. 3.09. 2.94 4dd (3H), 3.60. 2.68 2d (1H). 2.54-2.51. 2.26-2.20 2m 
(1H). 1.77. 1.55. 1.18. 1.05. 0.82. 0.706s (9H). 1.66. 1.54 2d (3H). 

Example A25: Acetic a cid 2-W2-ben2vlcxv-1.1-dimethvl-ethvlW1-Dhanvl-ethoxvV 
amino1-2-ohenvl-butvl ester 307 

The compound Is prepared in analogy to example A7 from compound 304 In a yield of 70 % 
as yellowish liquid. 

^H-NMR (400 MHz. CDCI3). 8 (ppm): 7.62-7. 16 m (1 5H), 4.97-0.25 m (24H). 

Example A 26; 2-rf2^Benzvloxv.1.1-dfmethvl.6thvlW1»Dhenvl-ethoxv)-amino1-2-phenvi- 
butan-1-ol 308 

The compound is prepared in analogy to example A24 from compound 307 in a yield of 87 % 
as colorless resin. 

^H-NMR (400 MHz. CDCI3). 5 (ppm): 7.562-7.21 m (15H), 4.97-0.15 m (21 H). 
EA: required C = 77.82. H = 8.33, N = 3.13; found: C = 77.85. H * 8.61. N = 3.03. 

The prepared symmetrically O-substituted alkoxyamlnes according to formula la and lb are 
shown in table 4. 



Table 4: 



409 




Example A27:0.0'-DM2-Methoxvb enzovlM2-Ethvl-2-rf2-hvdroxv«1.1-dlmethvl-ethvn- 
(1-phenvl-ethoxvl-amino1-butan-1-oR 401 

To a solution of 4.64 g (15 mmol) of compound 202 in CH2CI2 (45 ml) is added 3.60 ml (45 
mmol) pyridine. 5.0 ml (36 mmol) 2-methoxybenzoylchloride is slowly added while keeping 
the internal temperature at ambient temperature by cooling with a water-bath. After complete 
addition. 0.18 g (1,5 mmoO dimethylaminopyridine is added and the mixture is stirred for 70 
h. The resulting yellow suspension is diluted with CH2CI2 (150 ml), the organic layer washed 
with 1M HCI (50 ml), water (50 ml) and brine (50 ml), then dried over NaaSO*. filtered and 
concentrated under reduced pressure. The residue is purified by flash chromatography over 
silicagel (hexane/EtOAc 3:1) to give 6.94 g (80 %) of the title compound as yellow resin. 
'H-NMR (400 MHz. CDCI3), 5 (ppm): 7.93-7.88 m (1H), 7.84-7.79 m (1H). 7.51-7.41 m (2H). 
7.31-7.23 m (5H), 7.00-6.90 m (4H), 4.84 m (1H). 4.66-4.05 6d (3H). 3.91-3.86 m (7H). 1.94- 
1.60 m (4H), 1.58-1.56 m (3H), 1.52. 1.42. 1.34. 1.244s (6H). 1.11. 1.02. 0.93. 0.79 4t (6H). 

Example A 2S: 0.0'-DI-n'hlophene-2-carbonvn-l2-ethvl-2-rf 2-hvdroxv-1 .1 -dimethvl- 
ethvlM1-phenvl-ethoxv)-amlno1-butan-1-oi>402 

The compound is prepared in analogy to example A27 from compound 202 and 2-thiophene- 
carboxylic acid chloride in a yield of 78 % as yellow resin. 

'H-NMR (400 MHz. CDCI3). 8 (ppm): 7.88-7.72 m (2H). 7.60-7.51 m (2H), 7.31-7.24 m (5H), 
7.16-7.05 m (2H), 4.85-4.79 m (1H), 4.65-3.72 8d (4H). 1.96-1.60 m (4H). 1.55 d (3H). 1.51. 
1.42. 1.35. 1.18 4s (6H). 1.13. 1.08. 0.95. 0.81 4t (6H). 
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P^ample A29- n,O'.Di-f2.M AthQwben20VlH2-rf2-HYdrC) 
phenYl^thoxY )-^'^i"o1-2-P^"rY'-P'^"*^"-''-Q'^^°^ 



.1.1-difnet 



The compound is prepared in analogy to example A27 from compound 203 and 2- 
methoxybenzoyi chloride in a yield of 87 % as coloriess resin. 

'H-NMR (400 MHz. CDCI3). 5 (ppm): 7.93-7.81 m (2H). 7.51-7.44 m (2H). 7.29-7.22 m (5H). 
7.01-6.93 m (4H). 4.85-4.77 m (1H). 4.66-4.03 m (3H). 3.91-3.83 m (7H). 1.88-1.14 m (17H). 
0.91-0.61 m (6H). 

Pvample ASn- n,Q'.DI-f2- Methvlthioben:^ftYi)42.n2.Hvdro> 
phenvl-ethoy YHmino1-2-r-"PY'-P^"*^"-'' 

The compound is prepared in analogy to example A27 from compound 203 and 2- 
(methylthio)benzoyl chloride In a yield of 71 % as slightly yellow resin. 
^H-NMR (400 MHZ. CDCI3). 5 (ppm): 8.18-7.96 m (2H). 7.52-7.44 m (2H). 7.30-7.10 m (9H). 
4.82-3.84 m (5H). 2.46-2.44 m (6H). 1.84-1.05 tn (17H). 0.93-0.60 m (6H). 

Pv^mnii. A31 : p n.-nU^-Methoy Y*-''»-»^"-^^-"2-HvdroxY-1.1-dlmethYl-ethYlH1- 
ph^n Yl-ethoxv) -^t»i"Ql-2-methvl-heptan-1-ol}40S 

The compound is prepared in analogy to example A27 from compound 204 and 2- 
methoxybenzoyi chloride in a yield of 84 % as slightly yellow resin. 

^H-NMR (400 MHZ. CDCI3). 5 (ppm): 7.95-7.80 m (2H). 7.52-7.42 m (2H). 7.32-7.20 m (5H). 
7.00-6.90 m (4H). 4.84-4.82 m (1H). 4.58-3.86 m (10H). 1.90-0.80 m (23H). 

Pv.mnie A32: ^ n'.nU2-Meth Y »Hioh^n^QvlW2-r(1-HvdroXYmethYl-CYClohexYlH1- 

The compound is prepared in analogy to example A27 from compound 205 and 2- 
(methylthio)benzoyl chloride in a yield of 87 % as colortess resin. 

1H-NMR (400 MHZ. CDCI3). 5 (ppm): 8.16-8.02 m (2H). 7.52-7.43 m (2H). 7.30-7.22 m (7H). 
7.15-7.06 m (2H). 4.94-4.88 m (1H). 4.76- 3.95 8d (4H). 2.48-2.44 m (6H). 2.10-1.10 m 
(19H). 
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Examole A33: 0.0'-DM2.|yiethvlthiob en20vlW2.rf 1 44vdroxvinathvl^vcloheDtwlM1 - 
Dhenvl'ethoxv^-aminol-2-methvl-DroDan-1 -ol} 407 

The compound is prepared In analogy to example A27 from compound 206 and 2- 
(methylthio)benzoyl chloride in a yield of 64 % as colorless resin. 

^H-NMR (400 MHz. CDCI3). S (ppm): 8.16-7.95 m (2H). 7.51-7.42 m (2H). 7.30-7.25 m {7H). 
7.15-7.00 m (2H). 4.93-4.86 m (1H), 4.63-3.76 8d (4H). 2.47-2.44 m (6H). 2.18-1.22 m (21 H). 

Example A34: 0.0'-Di -(2-MethoxvbenzovlW2-rf2-Hvdroxv-1.1-dimethvl-ethvlW1- 
phenvl-ethoxv)-amino1-2-Dhenvl-proDan-1 -ol> 408 

The compound is prepared In analogy to example A27 from compound 207 and 2- 
methoxybenzoyl chloride in a yield of 81 % as coloriess resin. 

^H-NMR (400 MHz. CDCI3). 8 (ppm): 7.91-6.77 m (18H), 5.18-3.58 (m. 11H). 1.86-0.65 m 
(12H). 

Example A35: .N.-(2-B enzvloxv-1 .1 -d!methvl-ethvn-.N..f2-benzvloxv-1-methvl-1-phenvi- 
ethvlKO.-f1-phenvl-ethvn-hvdroxvlamine 409 

To a solution of 5.0 g (14.6 mmol) of compound 207 In THF (50 ml) is added 1.46 g (36.4 
mmol) of a ca. 60% NaH dispersion In oil. The resulting suspension Is stirred at ambient 
temperature for 1 h, then cooled to 0 "C (Ice-bath) and 3.60 ml (29.8 mmol) benzylbromide 
added slowly. The temperature is slowly raised to ambient temperature and the reaction 
mixture stirred for 46 h, then again cooled to 0 "C and hydroiyzed. Toluene (100 ml) is 
added, the organic phase washed with water (2x100 ml) and brine (100 ml), dried (Na2S04), 
filtrated and evaporated. The residue is purified by flash chromatography over silicagel 
(hexane/EtOAc 20:1) to give 2.81 g (37 %) of the title compound as yellow resin. 
^H-NMR (400 MHz. CDCI3). 5 (ppm): 7.66-6.69 m (20H). 4.96. 4.88 2q (1H). 4.56-2.57 m 
(9H). 1.74-0.47 m(12H). 
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B) Examples for Polvm arizations 

General remarks: 

Styrene is distilled over a Vigreux column under vacuum, shortly before being used. n-Butyl 
acrylate is used as obtained from Fluka (purum). 

To remove oxygen, the polymerization reaction mixtures are flushed before polymerization 
with argon and evacuated under vacuum applying a freeze-thaw cycle. The reaction mixtures 
are then polymerized under aigon atmosphere. The mentioned temperatures are bath- 
temperatures. 

At the start of the polymerization reaction, all starting materials are homogeneously 
dissolved. 

Conversion for acrylate polymerization is determined by removing unreaded monomer from 
the polymer at 80" C resp. 50 'C and 1 ton- for at least 5 h. weighing the remaining polymer 
and subtracting the weight of the initiator. 

Conversion for styrene polymerisation is detemnined by removing unreacted monomer from 
the polymer at 70° C resp. 40 »C and 0.1 ton- for at least 24 h. weighing the remaining 
polymer and subtracting the weight of the initiator. 

Characterization of the polymers is carried out by GPC (Gel Permeation Chromatography). 

GPC: Is perfomied using RHEOS 4000 of FLUX INSTRUMENTS. Tetrahydrofuran (THF) is 
used as a solvent and is pumped at 1 ml/min. Two chromatography columns are put in 
series- type PIgel 5^tm mixed-C of POLYMER INSTRUMENTS. Shropshire. UK. 
Measurements are performed at 40 «C. The columns are calibrated with low polydispersity 
polystyrenes having Mn from 200 to 2 000 000 Dalton. Detection is carried out using a Rl- 
and UV-detection. 



Polymerization of Styrene: 
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In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 1.47 g (4,35 mmol) 
of compound 204 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then 
stirred at 100 for 6 h. The residual monomer is removed under high vacuum at 70 ^C. 28.4 
g (63 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn = 7930. Mw = 10590, PD = 1.34 

Example B2: Polymerization with 1 mol% of compound 20S at 100 

In a 100 ml Schlenck-flask vwth stopper and magnetic stirrer, are placed 1.40 g (4.35 mmol) 
of compound 205 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then 
stin-ed at 100 '^C for 6 h. The residual monomer is removed under high vacuum at 70 °C. 21.7 
g (48 %) of the monomer Is converted and a slightly yellow foam is obtained. 
Mn = 5130, Mw = 6180, PD=:1.20 

Example B3: Polymerization with 0,1 mol% of compound 20S at 100 "^C 

In a 100 ml Schlenck-flask with stopper and magnetic stfrrer. are placed 0.14 g (0.44 mmol) 
of compound 205 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then 
stirred at 100 for 6 h. The residual monomer is removed under high vacuum at 70 *^C. 12.6 
g (28 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn = 27350, Mw = 34750, PD=1.27 

Example B4: Polymerization with 1 mol% of compound 207 at 100 

In a 100 ml Schlenck-flask with stopper and magnetic stin-er, are placed 1.49 g (4.35 mmol) 
of compound 207 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then 
stirred at 100 °C for 6 h. The residual monomer is removed under high vacuum at 70 ''C. 30.7 
g (68 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn = 7520 , Mw = 9300, PD = 1 .24 



Example BS: Polymerization with 1 mol% of compound 208 at 100 ''C 

I 
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In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 1.56 g (4.35 mmoO 
of compound 208 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then 
stin-ed at 100 *C for 3 h. The residual monomer is removed under high vacuum at 70 'C. 44.6 
g (95 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn = 10000. Mw= 16400. PD=1.63 

Example 86; Polvmerlza^on with 0.1 mol% of co mpound 208 at 100 

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 0.156 g (0.435 
mmol) of compound 208 and 45.3 g (435 mmol) of styrene and degassed. The clear solution 
is then stin-ed at 100 "C for 6 h. The residual monomer is removed under high vacuum at 70 
•C. 17.0 g (37 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn- 46300, Mw = 74000. PD = 1.60 

Example BT: Polymerization with 1 n iol% of compound 209 at 100 °C 

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 1.96 g (4.35 mmol) 
of compound 209 and 45.3 g (435 mmol) of styrene and degassed. The clear solution Is then 
stirred at 1 GO *'C for 6 h. The residual monomer is removed under high vacuum at 70 **C. 34.9 
g (73 %) of the monomer is converted and a slightly yellow foam Is obtained. 
Mn = 9700. Mw= 12100, PD = 1.25 



Example B8: Polymerization with 1 mol% of compound 306 at 100 "C 

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 1.89 g (4.35 mmol) 
of compound 306 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then 
stirred at 100 *»C for 5 h. The residual monomer is removed under high vacuum at 40 "C. 42.5 
g (94 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn = 10000 . Mw = 11600. PD = 1.27 
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Exampfe B9: Polvmeriz atfon with 1 mol% of cQmppund 307 at 7fi »c 

In a 100 ml Schlenck-flask with stopper and nfiagnetic stin-er. are placed 2.13 g (4.35 mmol) 
of compound 307 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then 
stirred at 75 ®C for 6 h. The residual monomer is removed under high vacuum at 40 ^C. 19.3 
g (38 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn=3130. Mw = 5010. PDsl.60 

Example B IO: Polymerization with 1 mol% of compound 308 at 8S «C 

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 1.93 g (4.31 mmol) 
of compound 308 and 44.9 g (431 mmol) of styrene and degassed. The clear solution is then 
stirred at 85 for 4 h. The residual monomer is removed under high vacuum at 40 °C. 26.3 
g (54 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn = 5780. Mw = 7290. PD=s1.26 



Example Oil: Polvmerizatlon with 1 mol% of compound 401 at 100 ''C 

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 2.51 g (4.35 mmol) 
of compound 412 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then 
stirred at 100 "C for 6 h. The residual monomer is removed under high vacuum at 70 "C. 22.5 
g (50 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn = 8610 , Mw = 10990. PD = 1.28 



Example B12: Polymerization with 0.1 mo|% of compound 401 at 100 "C 

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 0.25 g (0.44 mmol) 
of compound 412 and 45.3 g (435 mmol) of styrene and degassed. The dear solution is then 
stirred at 100 ''C for 6 h. The residual monomer is removed under high vacuum at 70 **C. 19.3 
g (43 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn= 42800, Mw = 56400. PD = 1.32 
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gicample Bia? Polymerization with 1 m ol% of compound 408 at 100 'C 

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 2.67 g (4.36 mmol) 
of compound 419 and 45.4 g (436 mmol) of styrene and degassed. The dear solution is then 
stirred at 100 "C for 6 h. The residual monomer is removed under high vacuum at 70 °C. 24.2 
g (53 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn = 5520. Mw = 7430. PD=1.35 

P«ample Polvmerizg tion with 1 n*Ql% of compound 208 at 85 "C 

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 1.56 g (4.35 mmol) 
of compound 306 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then 
stirred at 85 ^'C for 6 h. The residual monomer is removed under high vacuum at 40 °C. 20.4 
g (42 %) of the monomer is converted and a slightly yellow foam is obtained. 
Mn = 4200. Mw = 5160, PD = 1.23 

Pv^mnie B15: Pnivmarlzation with 1 mol% of ^nmnnund 208 at 85 «C with additional 
Initiator 

In a 1 GO ml Schlenck-flask with stopper and magnetic stin-er. are placed 1 .56 g (4.35 mmol) 
of compound 306. 0.105 g (0.435 mmol) of benzoylperoxide. and 45.3 g (435 mmol) of 
styrene and degassed. The clear solution Is then stirred at 85 «C for 6 h. The polymer is 
dissolved in CH2CI2 (50 mi) and precipitated from 500 ml MeOH. The precipitation is 
repeated and the resulting white powder dried under high vacuum to yield 34.5 g (72 %) of 
polymer. 

Mn = 6890. Mw = 9070. PD=1.32 

gxample PUG-. Relnltf ation of oolY'ne'- B'lS at 85 'C 

in a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 2.50 g of polymer 
B15 (Mn = 6890) and 10.0 g (96 mmol) of styrene and degassed. The clear solution is then 
stin-ed at 85 <»C for 6 h. The residual monomer is removed under high vacuum at 40 °C. 3.09 
g (31 %) of the monomer is converted and a colorless foam is obtained. 
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Mn=s 13900. Mw = 23300, PD = 1.67 



Polymerization of n-butyl acrylate: 

Example B17; Polymerization with 1.S mol% of compound 208 at 120 "C 

In a 25 ml three neck flask, equipped witii themiometer. cooler and magnetic stin^r. 0.418 g 
(1.17 mmol) of compound 208 and 10.0 g (78.0 mmol) of n-butylacrylate are mixed and 
degassed. The clear solution oistained is heated under argon to 120 **C and polymerization is 
cam'ed out during 5 h. The remaining monomer is removed by evaporation under high 
vacuum at 80 "C. 8.0 g (80 %) of the initiai monomer have reacted. A clear coloriess viscous 
fluid Is obtained. * 
Mn = 5150 , Mw = 8040 . PD = 1.56 

Example B18: Polvmerization with 1.5 mol% of compound 208 at 100 "C 

In a 25 ml three neck flask, equipped with themiometer, cooler and magnetic stirrer, 0.418 g 
(1 .17 mmol) of compound 208 and 10.0 g (78 mmol) of n-butyfacrylate are mixed and 
degased. The clear solution obtained is heated under argon to 100 *'C and polymerization is 
carried out during 20 h. The remaining monomer is removed by evaporation under high 
vacuum at 50 "C. 9.80 g (98 %) of the initiai monomer have reacted. A clear colorless 
viscous fluid is obtained. 
Mn = 5150, Mw = 8640. PD=1.66 

Example B19: Polvmerization with 1.5 mol% of compound 209 at 100 "C 

In a 25 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 0.528 g 
(1.17 mmol) of compound 209 and 10.0 g (78 mmol) of n-butylacrylate are mixed and 
degased. The clear solution obtained is heated under argon to 100 "C and polymerization is 
carried out during 3 h. The remaining monomer is removed by evaporation under high 
vacuum at 50 "C. 9.41 g (94 %) of the initial monomer have reacted. A clear colorless 
viscous fluid is obtained. 
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Mn = 7670 , Mw = 14300 . PD - 1.87 

■ 

E»amDle 820; Polymerization with 1.5 mol% of co mnound 307 at 100 °C 

In a 25 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer . 0.573 g 
(1.17 mmol) of compound 307 and 10.0 g (78 mmol) of n-butylacrylate are mixed and 
degased. The clear solution obtained Is heated under argon to 100 "C and polymerization is 
carried out during 3 h. The remaining monomer is removed by evaporation under high 
vacuum at 50 'C. 7.22 g (72 %) of the initial monomer have reacted. A clear colorless 
viscous fluid is obtained. 
Mn = 5340. Mw = 9290, PD = 1.74 

Example B2i: Reinitiation of polv mer Bi9 at 100 

In a 25 ml three neck flask, equipped with themnometer. cooler and magnetic sfurer. 2.50 g ( 
poly-butylacrylate B19 and 10 g (96 mmol) of styrene are mixed and degased. The clear 
solution obtained is heated under argon to 100 "C and polymerization Is canried out during 6 
h. The remaining monomer is removed by evaporation under high vacuum at 40 °C. 4.88 g 
(49 %) of the initial monomer have reacted. A clear colorless viscous fluid is obtained. 
l\/1n = 32600. Mw = 51900. PD=1.59 
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Claims 

1. A compound of formula ia, lb, or Ic 




wherein 

Y is O or NR101 and R101 is H or Ci-Ciaalkyi or R7 and/or Rs and R101 togetlier with the. 

nitrogen atom to which they are bound form a 5 or 6 membered heterocyclic ring; 

Ri, R2 and R3 independently are benzyl, Ci-Ciaalkyi, Ca-Ciealkenyl which are unsubstituted 

or substituted by OH or by a group -O-C(O)-Ri02; or C2-Ci8alkyl which is interrupted by at 

least one O atom or a group NR102 wherein R102 is hydrogen, Ci-Ciaalkyi or Cs-Cioaryl; 

or Ri and R2 together with the carbon atom to which they are bound form a Cs-CizcycloalkyI 

group; or in formula la -Rs and R4 together with the carbon atom to which they are bound form 

a C5-Ci2cycloalkyI group; 

R4 is C2-Ci2alkyl; 

Rs and Re are independently H, Ci-Ciaalkyl. C2-Ci8alkenyl. benzyl, C5-Ci2cycloalkyl or 
phenyl; 

R7 and Ra Independently are H, Ci-CiaalkyI, C2-Ci8alkenyl, C5-Ci2cycloalkyl or a group 
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-C(OWCrC,e)alkyI. -C(0)-0-(C,-C,8)alkyl. -C(0)-O-phenyl. -C(0)-C(OK>H. -C(0)-C(0)-NH- 

(C-Ciealkyl). -C(S)-S-(Ct-C,8)alkyl. ^Y^^^ • "SiR.R«.Rc wherein R, . . Rc 
independently are CrCisalkyI or R7 and Ra are the following group 

^^*\__/ wherein R103. Rw and Rios independently are H. Ci-Csalkyl. Ct- 

Csalkoxy. C-Cealkylthio. -O.C(OHCi-C8)alkyl, -0-C(OHC6-C,o)aryl. nitro. cyano or halogen; 

R9. Rio. R11. R12. Ri3 and R^4 independently are H. OH. Ct-Cealkoxy. Ct-C8alkyl. SH. Ci- 
Csalkylthio, 

-0-C(0)-(Ci-C8)alkyl. -0-C(OHC6-Cio)aryl. nitro, cyano. halogen or a group NRioeRio? 
wherein R,o6 and R,o7 independently are hydrogen. C-CisalkyI or Cs-Cioaryl or together with 
the nitrogen atom to which they are bound form a 5 or 6 membered heterocyclic ring; and 
X is selected from the group consisting of 

-CHa-aryl. alkyl(C,-C,3)-^-aryl . -CHa-CH^aryl. alkyKC.-C,^)— ^aryl . (c^- 

CaCycloalkyDaCCN. (C-C^alkyOzCCN. -CH2CH=CH2. (CrCi2)alkyl-CR20-C(O)-(C,-Ci2)alkyl. 
(C,-Ci2)alkyl-CR2o-C(0)-(C6-Cio)aryl.(Ci-Ci2)alkyl-CR2o-C(0)-0-R2i.(Ci-Ci2)alkyl-CR2o- 
C(0)-phenoxy. (C,-C,2)alkyl-CR20-C(O)-N-dl(Ci-Ci2)alkyl, (CrCi2)a!kyl-CR2o-CO-NH(Ci- 
Ci2)alkyl. (Ci-C,2)alkyl-CR2o-CO-NH2. -CH2CH=CH-CH3. -CH2-C(CH3)=CHa. -CH2-CH=CH- 

phenyl, -CH^-C^^ , 3-cyclohexenyl. 3-cyclopentenyl, [^^^^^^^L^ • 



, wherein 



R20 is hydrogen or Ci-Cizalkyt; 
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R21 IS Ci-CisaikyI or C2-Ci8alkyl which is interrupted by at least one O atom or a group NR 
wherein Riq2 is hydrogen, Ci-Cualkyl or Cs-Cioaryl; 

the alkyl groups are unsubstituted or substituted with one or more -OH, -COOH, -0(Ci- 
CsalkyI), NRioeRior or -CORao groups wherein R20. Rioe and Rior have the meanings as 
defined above; 

the aryl groups are phenyl or naphthyl which are unsubstituted or substituted with Cr 
Ci2alkyl, halogen, Ci-Ci2alkoxy, Ci-Ci2alkylthio, CrCi2alkylcarbonyl. glycidyloxy, OH, SH. 
-COOH or-COO(Ci-Ci2)alkyl. 

2. A compound according to claim 1 wherein X is selected from the group consisting of 
-CHa-phenyl. CHaCH-phenyl. (CH3)2C-phenyl, (C5-C6cycloalkyl)2CCN. (CH3)2CCN. 



C8)aikyl-CR2o-C(OHCi-C8)alkoxy, (Ci-C8)alkyl-CR2o-C(OHCi-C8)alkyl. (Ci-C8)alkyl-CR2o- 
C(0)-N.di(Ci-C8)aIkyl, (C,-C8)alkyl-CR20-C(O)-NH(Ci-Ca)alkyl and (Ci-C8)alkyl-CR20-C.(O)- 

NH2, wherein 

R20 is hydrogen or (Ci-C8)alkyL 

3. A compound according to claim 2 wherein X Is selected from the group consisting of . 
-CHz-phenyl, CHaCH-phenyl, {CH3)2C-phenyl, (C-rCscycloalkyOaCCN, (CH3)2CCN, 



C4)alkyl-CR2o-C(OHC,-C4)alkoxy, {Ci-C4)alkyl-CR20-C(O)-(Ci-C4)alkyl, (Ci-C4)aIkyl-CR2o- 
C(0)-N-di(C,-C4)alkyl, (Ci-C4)alkyl-CR20-C(O).NH{Ci-C4)alkyl and (Ci-C4)alkyl-CR20-C(O)- 
NH2, wherein 

R20 is hydrogen or (Ci-C4)alkyl. 

4. A compound according to claim 1 wherein Y is O and wherein in formula la R4 is C2- 
CealkyI or R3 and Rt together with the carbon atom to which they are bound form a 5 to 7 
membered cycloalkyi ring. 




ON . -CH2CH=CH2. CH3CH-CH=CH2, (CrC8alkyl)CR20-C(O)-phenyl. (d- 




ON » -CHaCH^CHa, CHaGH-CHsCHa. (Ci-C4alkyl)CR20-C(O)-phenyl. (Ci- 



5. A compound according to claim 1 wherein 
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R,. Rj and Rs are Ci-Csalkyl; or in fonnula la R3 and Ri together with the cartjon atom to 
which they are bound fonn a Cs-Cecydoalkyl group: 
R4 is CrCealkyl; 
R5 and Re are H; 

Rr and Ra Independently are H. C,-C,8alkyl. allyl, benzyl. Cs-CwcycloalkyI or a group 
-C(0).(C,-C,8)alkyl. -C(0)-0-(C,-Ci8)alkyl. .C(0)-C(0)-OH. -C(S)-S-(Ct-C,a)alkyl. 



S . -SIRaRbRc wherein R, . Ri, . Rc independently are Ci-Ci8alkyl or R7 and R9 are 



are H. Ci-Caalkoxy, Ci-C8alkylthio. -0-C(0HCi-C8)alkyl. nitro. cyano, halogen. Ci-CaalkyI: 
Rs, Rio and Rn independently are H, Ci-Caalkoxy, C-Caalkylthfo. -0-C(0)-(Cn-C8)alkyl. nitro. 
cyano, halogen or d-Cealkyl; and 
X is as defined in daim 1 . 

6. A compound of fonnula lb or Ic according to claim 1. 

7. A compound of formula lb according to daim 1 wherein 
Y is O; 

Ri and R2 are Ci-CsalkyI, or together with the carbon atom to which they are bound fonn a 

Cs-Crcycioalkyl group; 

R3 is methyl, ethyl or propyl; 

Rs and Re are H; 

R7 and Ra independently are H. C-CiaalkyI, allyl. benzyl, Cs-Ciacycloalkyl or a group 
-C(0)-(Ci-Cia)alkyl. -C(0)-0-(Ci-Cia)alkyl. -C(0)-C(0)-OH. -C{S)-S-(C,-CiB)alkyl. 



° V^^S . -SIRaRbRc wherein Ra . Rb . Rc independently are d-Ciaalkyl or R7 and Ra are 




one of the following groups 



R: 




wherein R103. Rio4 and Rtos independently 
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the following group fi^ \^ / wherein R103. Rw and Rios independently are H, C,- 

Caalkoxy. Ci-Caalkyllhlo, -0-'C(0HCi-C8)alkyl. nitro. cyano, halogen, Ci-CsalkyI; 
R9. R10. R11. R12. Ri3 and R14 independently are H. Ci-Csalkoxy, C,-Caalkylthio, -0-C(OHCi- 
C8)alkyl, nitro. cyano, halogen or Ci-Caalkyl; and 
X is selected from the group consisting of 

H \ 

-CHa-aryl, 

aIkyl(C^-C,a)— C~aryl . ^Hz-CHz-aryl, s\\f>f\{C^-C^^ V—aryl , (c,. 

Cecycloalky02CCN, (Ct-Ci2alkyl)2CCN. -CHsCH^CHa. (Ci-Ci2)alkyi-CR2(rC(0)-(Ci-Ci2)a1kyl, 
(Ci-Ci2)alkyl-CR2o-C(OHC6-Cio)aryl, (Ci-Ci2)alkyl-CR20-C(O)-O-R2i. (Ci>Ci2)alkyl-CR2ir 
C(0)-phenoxy, (Ct-C,2)alkyl-CR20-C(O)-N-dI(Ci-Ci2)alkyi, (Ci-Ci2)alkyl-CR2o-CO-NH(C,- 
Ci2)alkyl, (Ci-Ci2)aikyl-CR2o-CO-NH2, -CHzCHsCH-CHa, -CH2-C(CH3)=CH2. -CH2-CH=CH- 

^ CH 

phenyl, ^Hg-C"^ • 3-cyclohexenyl, 3-cyclopentenyl, 




R20 is hydrogen or Ci-Ci2alkyl; 

R21 is Ci-CisaikyI or C2-Ci8aikyl which is interrupted by at least one O atom or a group NR102 
wherein R102 is hydrogen, Ci-CiaalkyI or Cs-Cioaryi; 

the alkyi groups are unsubstltuted or substituted with one or nnore -OH, -COOH, -0(Ci- 
CaalkyI), NRioeRio? or -COR20 groups wherein R20. Rioe and Rio? have the meanings as 
defined above; 

the aryl groups are phenyl or naphthyl which are unsubstltuted or substituted with Ci- 
Ci2alkyl, halogen, Ci-Cizalkoxy. C,-Ci2alkyIcarbonyl, glycidyloxy, OH, -COOH or-COO(Ci- 
Ci2)alkyl. 





-48- 



8. A polymerizable composition, comprising 

a) at least one ethylentcally unsaturated monomer or oligomer, and 

b) a compound according to formula (la) (lb) or (Ic) according to claim 1. 

9. A process for preparing an oligomer, a cooligomer, a polymer or a copolymer (block or 
random) by free radical polymerization of at least one ethylenicaliy unsaturated monomer or 
oligomer, which comprises (co)polymerizing the monomer or monomers/oligomers in the 
presence of an initiator compound of formula (la), (lb) or (Ic) according to claim 1 under 
reaction conditions capable of effecting scission of the O-X bond to form two free radicals, 
the radical being capable of initiating polymerization. 

10. A process according to claim 9 wherein the scission of the O-X bond is effected by 
ultrasonic treatment, heating or exposure to electromagnetic radiation, ranging from y to 
microwaves. 

1 1 . A process according to claim 10 wherein the scission of the O-X bond is effected by 
heating and takes place at a temperature of between SO^C and ISO^'C. 

12. A process according to claim 9 wherein the compound is present in an amount from 
0.001 mol-% to 20 mol-% , based on the monomer or monomer mixture. 

13. A polymerizable composition, comprising 

a) at least one ethylenicaliy unsaturated monomer or oligomer, and 

b) a compound according to formula (Ila) (lib) or (lie) 




R 



(lib) . 



O- 



10 
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R 



■11 



iO 



R9 



(Mc) 



wherein 

Y is O or NR101 and R101 Is H or Ci-Ciealkyl or R7 and/or Ra and Rtoi together with the 

nitrogen atom to which they are bound form a 5 or 6 membered heterocyclic ring; 

Ri, R2 and R3 independently are benzyl, Ci-Ciaalkyl. C2-Ci8alkenyl which are unsubstituted 

or substituted by OH or a by group -O-C(O)-Ri02; or Ca-CisalkyI which is intemjpted by at 

least one O atom or a group NR102 wherein R102 is hydrogen, d-Cisalkyl or Ca-Cioaryl; 

or R, and R2 together with the carbon atom to which they are bound foon a Cs-CiacycloalkyI 

group; or in fonmula la R3 and R4 together with the carbon atom to which they are bound form 

a C5-Ci2cycIoalkyl group; 

R4 is C2-Ci2alkyl; 

Rs and Re are independently H, Ci-Cisaikyi. Cz-Ciaalkenyl, benzyl, C5-Ci2cycloalkyl a>r 
phenyl; 

R7 and Ra Independently are H. C,-Ciealkyl, C2-Ci8alkenyl, Cs-C^cycloalkyl or a group 
-C(0)-(C,-Cia)alkyl, -C(0)-0-(C,-Ci8)alkyl. -C(0)-O-phenyl. -C(0)-C(0).OH, -C(0)-C(O)-NH- 



Caalkoxy, Ci-Caalkylthio, >0-C(0HCi-C8}aikyl, -0-C(OHCe-Cio)aryi. nitro, cyano or halogen; 




independently are Ci-CisaikyI or R7 and Ra are the following group 

'^lOS 

/y \ v / wherein Rioa, R104 and Rios independently are H, Ci-Caalkyl, Ci- 




R9. Rio, R11. R12, Ri3 and Ru independently are H, OH, Ci-Caalkoxy. Ci-Cealkyl, SH, Ci- 
Csalkylthio, 
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-0-C(0HCi-C8)alkyl. -0-C(OHCs-Cio)aryl. nitro. cyano. halogen or a group NRtoeRio? 
wherein R,o6 and Riot independently are hydrogen. C-Csalkyl or Cs-Cioaryl or together with 
the nitrogen atom to which they are bound fonn a 5 or 6 membered heterocyclic ring; 
and 



14. A process for preparing an oligomer, a cooligomer, a polymer or a copolymer (block or 
random) by free radical polymerization of at least one etfiylenlcally unsaturated mono- 
mer/oligomer. which comprises subjecting the composition according to claim 13 to heat or 
actinic radiation. 

1 5. A compound of fonnula lib 



Y is O or NRioi and Rioi is H or Ci-CisalkyI or R7 and R101 together with the nitrogen atom to 
which they are bound forni a 5 or 6 membered heterocyclic ring; 

Ri. R2 and R3 independently are benzyl. Ci-C,8alkyl, CrCwalkenyl which are unsubstituted 

or substituted by OH or a group -O-C(O)-Rt02; or CrCisalkyI which is interrupted by at least 

one O atom or a group NR102 wherein R102 is hydrogen. Ci-CisalkyI or Ce-Cioaryl; 

or Ri and R2 together with the carbon atom to which they are bound form a Cs-CiacycloalkyI 

group; 

Rs and Re are independently H. Ci-Ci8alkyl, Ca-Ciealkenyl. benzyl. Cs-CiacycloalkyI or 



R7 and Rs independently are H. C,-Ciaalkyl. CrCiaalkenyl. Cs-CiacycloalkyI or a group 



c) a source of free radicals capable of initiating polymerization of ethylenically unsaturated 



monomers. 




Rio 



wherein 



phenyl; 
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-C(0>(C,-C,e)alkyl. -C(0)-0-(C,-Ct8)alkyl. -C(0)-0-phenyl. -C(0)-C(0)-OH. -C(0).C(0)-NH- 

(C,-C,salkyO. -C(S)-S-(Ci-C,6)alkyl. . -SiRaRbRe wherein Ra . R* . R, 

independently are Ci-CisalkyI or R7 and Re are one of the following groups 

fi^ \ / wherein R,o3, Rum and Rios Independently are H, C-Csalkyl. C,- 

Caalkoxy, C,-Cealkylthlo, -C>-C(0)-(Ci-C8)alkyl. -0-C(OHCe-Cio)aryl. nitro. cyano or halogen; 

R9, Rio and Rn independently are H, OH, C-Cealkoxy. d-Csalkyl. SH. Ci-Caalkylthio. 
-0-C(OHCi-Ca)alkyl. -aC(OHC8-Cio)aryl. nftro, cyano. halogen or a group NRioaRw 
wherein R,o8 and R,o7 independently are hydrogen, Ci-CiealkyI or Ce-Cioaryl or together with 
the nitrogen atom to which they are bound form a 5 or 6 membered heterocyclic ring. 

1 6. A compound of formula lib acconding to daim 1 5 wherein 
Y is O; 

Ri and R2 are -CHa, or together with the carbon atom to which they are bound form a C5- 

Crcycioalkyi group; 

R3 is methyl, ethyl or propyl; 

Rs and Re are H; 

R7 and Ra Independently are H, Ci-CiealkyI, ally!, benzyl. Cs-CizcycloaikyI or a group 
-C(OHC,-C„)alkyl. -C(0)-0-(Ci-Ci8)alkyl. -C(0)-C(0)-OH. -C(S)-S-(C-C„)alkyl, -SIRaRbRc 
wherein R, , Rb , Rc independently are Ci-Ciaalkyl or R7 and Ra are one of the following 

groups ^\ /. wherein R103, R104 and R,os independently are H, C-Csalkoxy, 

R103 

Ci-Caalkylthio, -0-C(0)-(C,-C8)alkyl. nItro. cyano, halogen, C,-Caalkyl; . 
and 

R9. Rio and Rn independently are H, Ci-Caalkoxy, C-Csalkylthio, -0-C(0)-(C,-C8)alkyl. nitro, 
cyano, halogen or Ci-Csalkyl. 
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17. Use of a compound of fonmula la. Ibor Ic according to dalm 1 for the polymerization of 
ethylenically unsaturated monomers. 

18. Use of a compound of formula lla. lib or He according to claim 13 together with a source 
of free radicals for the polymerization of ethylenically unsaturated monomers. 



19. A polymer or copolymer obtainable by a process according to claim 9 or 
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Abstract 

The present invention relates to open chain alkoxyamine compounds, a polymerizabte 
composition comprising a) at least one ethylenically unsaturated monomer and b) at least 
one open chain alkoxyamine compound. Further aspects of the present invention are a 
process for polymerizing ethylenically unsaturated monomers, and the use of open chain 
alkoxyamine compounds for controlled polymerization. The intemiediate N-pxyl derivatives, a 
composition of the N-oxyl derivatives wth ethylenically unsaturated monomers and a free 
radical initiator X*. as well as a process and their use for polymerization are also subjects of 
the present invention. 
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